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This is an interim report and will be confined to results obtained 
from the physical model up to January 1976. The prime purpose of the model 
was to find out what effect existing structures had on river levels and flow 
patterns during flood flows in the Pioneer River and what would be the effect 
of future structures on these flood levels with the same flows.
As the introduction of the Rockleigh Bridge (Fig. 19), which would be 
a major river crossing was imminent, it was also decided that a mathematical 
model should be developed, initially for this bridge, and eventually for the 
whole of the river under discussion so that this mathematical model could be 
used in the future to predict the behaviour of schemes not now anticipated. 
Comparison of the physical and mathematical models would be a further 
verification of each.
The physical model was commissioned as a result of recommendations 
contained in a report to the joint committee of the Pioneer and Upper Pioneer 
River Improvement Trust by Ullman & Nolan, Consulting Engineers of Mackay, 
which report is offered as a major source of data. It details requirements 
from the model and lists the structures which will most probably be built at 
some time in the future. Since this report was submitted, metrication has taken 
place. All the dimensions in the Ullman & Nolan report are in the British feet, 
lbs, sec. system. Essential design dimensions are repeated therefore in this 
interim report, but in the corresponding metric units.
Since the work was initiated, there have been some modifications to 
the detailed requirements of the model. There are also changes in essential 
design information. Special mention is made where this information is given 
in this interim report if it is in conflict with the similar information in 
Ullman & Nolan’s report.
A Committee was set up by the Coordinator General to manage and control 
the operation of the model. Initially this Committee consisted of five members.
Mr. P. O'Keeffe, Main Roads Department (Chairman)
Mr. G. Nolan, Pioneer River Improvement Trust
Mr. S. McCall, Irrigation and Water Supply Commission
Mr. I. Nibloe, Railway Department
Mr. B. Tyrrell, Department of Harbours & Marine.
Each member was asked to indicate the extent of the interest and the requirements 
of his authority in the study. The replies were as follows
1. Main Roads Department
Two new bridges are to be built across the Pioneer River, one at 
Rockleigh and one at Wood Street (Fig. 1). The Main Roads Department wanted 
information from the study to check the design of these bridges against possible
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flooding of the deck and approach and possible scouring effects.
2. Pioneer River Improvement Trust
Information was required for stream training and flood protection works 
including possible surges in the river. Information was also required on the 
Vines Creek/Apsley Creek system to determine reasonable flood channel widths.
The Trust would also like to see the question of the director wall resolved.
Also the possibility of reclaiming the low lying area opposite Rockleigh and 
the desirability of cutting a new mouth for the river.
(The area of 'interest 'is entirely in the lower reaches of the river,
which are within the sole control of the Pioneer River Improvement Trust).
3. Irrigation and Water Supply Commission
Main interest is in tidal surges.
4. Railway Department
Information is required on the effect of removing the director wall 
hear the Harbour Railway Bridge. The department is also considering a shortening 
of the timber trestles at the northern end of the main line bridge and the 
protection of the bank near the southern abutment.
The statement of the Pioneer River Trust was subsequently amplified 
and extended and is given here in detail with the quantities metricated and amended 
to suitable metric values.
"(A) Initial Tests
The initial tests must relate to conditions as they now exist to
record flood heights at strategic points for discharges at specified
return periods.
This relates to the existing situation and will be inter-related with proving of 
the models. It is considered that tests and results should be for 50,000 cusecs 
increments from 50,000 to 450,000 cusecs. (It is assumed that 450,000 cusecs 
can be passed down the models and meaningful results obtained). (1500 m 3/sec. 
increments from 1500 m3/sec. to 12700 m 3/sec.).
Results should be obtained at sufficient points to determine flood gradients 
along the river and afflux at structures and areas of inundation should be 
produced in plan form.
(B) Proposed Bridge at Rockleigh
As this bridge will be part of the system in a relatively short
time, it is considered that it should be included in all tests
after the initial tests. It may be necessary, as the tests
develop, to vary the height from that initially selected.
These tests may be carried out immediately after (A) and when the bridge geometry
has been optimized, with due account to afflux and scouring of bed and banks
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(levees) being taken, it should remain for all subsequent tests.
If the proposed Wood Street Bridge is regarded as a serious probability, then 
it is suggested that this structure should be similarly treated to the Rockleigh 
Bridge. The effects of the northern approach may be significant. Some indication 
of the effects of the structure would be necessary and would most likely be 
determined in the proportioning of the bridge and approaches.
The situation of reclamation and levee developments may influence the dimensions 
of these bridges and their approaches.
(C) First Test
The first tests should he to determine the effect of this bridge
on flood levels, under existing conditions.
This relates to the testing of Rockleigh Bridge under existing conditions and will, 
no doubt, be one of the criteria used in optimising the dimensions of the bridge 
and approaches. As noted above, reclamation works and levee developments may 
influence the bridge design.
(D) Flood Levels
Flood levels refer to
(a) Levels above and below Hospital Bridge3 both banks
(b) Levels above and below Forgan Bridge3 and above and \
below the Outer Harbour Railway Bridge
(c) Levels at selected locations on North and South Banks
of the river.
This defines the extent of the river over which flood level data is required
and basically covers both banks of the whole of the river to A.M.T.D. 6.0 miles.
(A.M.T.D. 10 km).
(E) Test on Outer Harbour Railway Bridge
There has been a suggestion that the piers of this bridge should
be stabilized by placing a rock blanket over the surface containing
the piers. Two possibilities are envisaged :
(a) That the rock blanket will act as a submerged weir - will
prevent activation of the bed sand3 and thus reduce
waterway, and increase flood height;
(b) That the sand will be activated3 despite the rock, and
the rock will just settle into the bed. Whether this
would stabilize the piers sufficiently is doubtful.
These tests may assist to determine whether the solution might
not be to drive supporting piles to bedrock.
The original statment is quite clear in its intent. It is left to the Railways
Department to define their requirements for this section.
(F) Tests on Director Wall
It is desired to establish what will be the effect of removal of
the director wall on flow through Forgan Bridge, and consequently
on flood levels at various discharges.
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In this context the extent of the Director Wall is regarded as given on Figs.
1 & 2. The 1962 Model Report considered the lowest practical level for removal 
of the wall was to approximate low tide of R.L.-4 State Datum. It is considered 
that this level should be adopted. (-1.04 m A.H.D.).
As the removal of Cullen Island may improve the approach of the flow to the Forgan 
(& Wood Street) Bridge, the tests should be carried out for the two conditions 
of Cullen Island's being present and being removed.
The effect of removal of the Director Wall in the existing context and final, 
leveed development should be evaluated.
This should be done :
(a) with Cullen Island "as is"
(b) with Cullen Island removed.
(G) Tests on Cullen Island
It is necessary to establish the effect of removal of Cullen Island,
leaving the Director Wall as it is.
As there is presently no certainty that the Director Wall will be removed in the 
near future, it is necessary to establish the effects of the removal of Cullen 
Island alone. This data for both the existing and levees situations is necessary. 
The area regarded as Cullen Island is shown on Figure 1 and its removal to R.L.
-6 feet State Datum is suggested. (-1.69 m A.H.D.). (Fig.l - U. & N.$.
(H) Tests on Hospital Bridge
(a) Test the effect of realignment of the channel upstream of
Hospital Bridge,. leaving Hospital Bridge as it is.
(b) Modify test (a) by replacing the causeway northern approach
with spans.
(c) , Test the effect of removal of Hospital Bridge, with channel
upstream realigned.
While it is open to discussion as to how long the existing Hospital Road Bridge 
will be retained at this site, it is considered that it will be sufficiently long 
enough to justify these tests. Test (b) may be deleted. The levels and alignment 
of the realigned channel are given on Plan P.R.I.T. 75B.
(I) Tests on Forgan Bridge
These will be covered, at this stage, by the Initial Test and the
tests on the Director Wall and on Cullen Island.
As noted, these tests will be covered under above sections (A), (F) & (G).
(J) Tests on Proposal for Straightening the Mouth of River
(a) Test of short term effect on velocities, discharge and flood
levels, and the effect on transport of sediment, both in the
river now, and that brought down by flood.
(b) Test whether these effects are likely to be permanent, or
whether they will merely transfer the "control" further
downstream - and if so, what will be the effect on flood
heights.
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It is considered that the intent of these tests is clearly given. The proposed 
alignment is given on the Mackay City Council Plan P668 - d446. The tests would 
be carried out with all levees and structures, existing and proposed, "in".
(K) Tests for Levee Banks
It would seem necessary for all tests involving levee banks to be
made :
(i) Cullen Island in and Director Wall in
(ii) Cullen Island in, and Director Wall out
(Hi) Cullen Island out, and Director Wall in
(iv) Both Cullen Island and Director Wall out
of l.evee banks to be tested :Combinations
Banks 3-1-6
Banks 3 + 6
Banks 3 + 6 + 7
Banks 3 + 6 + 7
Banks 3 + 6 + 7
Banks 3 + 6 + 7
Ht. 2
Ht.3
Ht. 2
Ht. 3
Ht. 2 + Levee on N. Bank
Ht. 3 + Levee on N. Bank
The intention of these tests is to determine effects on flood levels of levees 3, 
6 and 7 and also to determine levee crest levels. Accordingly the references to 
Heights 2 and 3 are not significant. As the sequencing of the levee cetastruction 
removal of the Director Wall and removal of Cullen Island are unknown, the 
combinations of circumstances given must be evaluated.
The locations of the levees are given on Figs. 1 and 2 attached. The tests with 
levees on the North Bank are no longer required. (Existing bridges and proposed 
Rockleigh and Wood Street Bridges would need to be taken into account).
The variation of flood levels due to removal of the Outer Harbour Railway Bridge 
and for the Director Wall and/or Forgan Bridge removed should be ascertained.
(L) Flood Heights at Worth Coast Railway Line
There seems a possibility that a combination of structures and levee
banks might result in some flooding of the North Coast Railway Line.
This, of course, will be apparent as the model tests proveed.
This relates to possible increase in flood levels at the Hospital Railway Bridge 
resulting from the Rockleigh Road Bridge, construction of Levee 7 and other works
(M) Establishment of Backwater Curves
This is merely a matter of recording and plotting the level results
obtained from each test.
This is, of course, the major data to be obtained from the above tests.
Additional matters arising from Recommendation 5 and not included in the 1972 
Statement by the Trust :
(i) The effect on flood levels of outflow to Apsley Creek on flood levels
in the Pioneer River. Ullman & Nolan report "Interim Report No. 1 to
Mackay Harbour Board on Land Use Study - Stormwater Drainage Flood
Overfloe : Pioneer River to Apsley Creek".
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(ii) The effect on flood levels of reclamation as given on Figure 7.8 of the
Report MA Plan of Development for Pioneer River and Tributaries". This
basically equates to the construction of Levees 3, 6 and 7 on the south
bank and reclamation about North Mackay.
(iii) Feasibility of levees to protect Cremorne and possibilities of reclamation
about Cremorne. This matter will be reported on by Ullman & Nolan to the
next meeting of the Pioneer River Improvement Trust, to be held on 27th
instant, and the Committee will be further advised.
Matters referred to the Committee subsequent to the above :
(1) The effect of lowering the rock bar at Rockleigh by varying amounts and
regrading the river bed both upstream and downstream of Rockleigh.
(2) The effect of increasing the cross-section of the waterway in Barnes
Creek by 5,000 sq.ft, or more, both at the bridge and upstream and
downstream of the bridge, from the overflow west of Cremorne Island to
Bassett Basin. (500 m1 2 3).
(3) The effect of reclamation about Bassett Basin. (This request emanated
from the Mackay Harbour Board). A limit of reclamation for test purposes
is given on Figure 3".
In view of the diverse requests, it was decided that it woulci be 
preferable to study the various aspects in different ways. Those matters which 
could be so done, were to be studied on a fixed bed model. At the same time, 
some of these matters would require the introduction of a tide programme. Some 
of the questions asked could only be answered by using a movable bed model. In 
view of the large space requirements only one model will be built (Fig. 1).
Initially it is a fixed bed model to which a tide producing mechanism will be 
introduced. When all the relevant information is obtained from this model, the 
solid bed will be removed and a loose material introduced to simulate the sand 
which now forms the major part of the river channel.
At the time the model was commissioned, the best, adequate space 
available was in the Irrigation and Water Supply Commission Laboratory, Brisbane. 
This space was made available by the Irrigation and Water Supply Commission and 
has been utilized to build the model.
A longitudinal scale of 1:250 was chosen in order to accommodate the 
whole area of interest, 0-11 kilometres A.M.T.D., and a reasonable extent of sea 
within the area available. At such a scale it is necessary to accentuate the 
vertical features of the landscape in this area and also the depths of flow even 
in flood periods. A convenient vertical scale was taken as 1:50. The relationships 
between the prototype properties and the model properties are given in Table 1.
Table 1 is attached. For convenience and to avoid confusion, all quantities 
discussed refer to the corresponding prototype quantities, unless it is specifically 
mentioned otherwise.
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The ground at the Irrigation and Water Supply Laboratory is poor and 
subject to volume changes with changes in moisture. The whole area was 
carefully levelled and a layer of dense road subgrade material was placed on it 
and heavily rolled. Foundations for the outer wall were then placed in concrete 
and a specially prepared plastic sheet was laid covering the whole model area.
The sheet was carried up, unbroken, between the two leaves of the outer wall, 
thus forming a water tight basin (Fig. 2). Considerable care had to be taken not 
to penetrate this sheet while working on the model. It does appear to be 
reasonably successful.
As the Pioneer River forms the boundary between two administrative 
authorities, Mackay City and Pioneer Shire, and also between two parishes, it 
is difficult to obtain a complete map of the area of interest. A map originally 
prepared for the first Pioneer River investigation was again used as the basic 
base map. In certain areas, particularly heavily mangroved area along the river, 
actual survey information was still very sparse. In these areas, as the 
mathematical model particularly required a high degree of accuracy, an aerial 
survey was initiated and detail maps produced for these areas which formerly had 
been so difficult to model. A grid network was set out on the base plan. The 
main east-west grid lines were 875 metres apart. At right angles to these main 
grid lines cross sections 125 metres apart were set out. The western side of 
Sydney Street, which has an exact bearing 00.00.00, was used as the initial zero 
for these cross sections because it could be so readily determined on any map.
This grid, where applicable, was then laid out on the new aerial survey 
by fixing common points. The new survey information was thence transferred back 
to the base plan. On the model the east-west grid lines were represented by 
dexion rails set to the exact line and to a level of 15 metres A.H.D. Each of 
the north-south cross sections, and there were 85 of them, were plotted on 
zincanneal sheets (down from R.L.15 A.H.D.) (See Fig.3). Each of these cross 
sections, which had all been given the appropriate grid reference number, were fixed 
to cross girders with the 15 metre A.H.D. line coincident with the bottom face 
of the girder. The girders were then laid at the appropriate position on the 
dexion rails. This places the cross section in its correct position at.,its 
correct level. Graded river gravel forms the bulk of the model. This was well 
consolidated and finished with a cement mortar surface which was brought exactly 
to the section profiles. The model was interpolated between profiles. Other 
physical features, such as bridges, were added to the model from the position and 
to the dimensions supplied by the various authorities.
The Irrigation and Water Supply Laboratory is equipped with a circulatory 
water system. Water is stored in a ground tank and is pumped up to a constant head 
tank from where it can be diverted through the model; the excess over the model
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demand returns via an overflow into the ground water tank. Initially six 5" 
diameter pipes were taken from this overhead supply to the model. It was 
anticipated that each pipe would carry about 25 litres per second, equivalent 
to a maximum flow of 11,000 cubic metres per second. It was thought that this 
would be adequate. However, an updating of the Pleystowe gaugings by the 
Irrigation and Water Supply Commission made the total laboratory supply inadequate 
for larger floods. It was necessary, therefore to add a large vertical pump 
at the end of the return channel to bypass the outflow from the model directly 
into the inflow of the model without it going through the ground tank. (See 
Fig. 1). With this pump a total discharge in excess of 16,000 cubic metres per 
second could be supplied, which was adequate for all circumstances.
The flow was measured by a standard orifice set in each pipe. In the 
5” pipes these orifices were 3V* diameter. In the larger 10" pump, the orifice 
was 8" diameter. The head difference across the orifice was measured on a mercury 
manometer. British Standard Orifice Formulae were used to determine the flow.
The rating curves for each are given in Figures 4 and 5.
The tide machine is set on the northern side of the model basin. A 
large channel carries flow to and from a tank at the western end to the tide 
machine pump (Fig. 1). An automatically controlled valve determines whether the 
water is pumped from the model to tank or from the tank to the model in order to 
maintain the appropriate tidal level on the model. A full description of this 
tidal equipment is given later.
There is also a sluice gate on the south eastern corner of the model.
If there is no fresh flow, this sluice gate is closed and the tide machine operates 
completely on its own water supply. In flood discharges the sluice gate will 
open so that approximately the flood flow returns to the ground tank. The tide 
generator will correct any error difference of inflow and outflow and maintain 
the correct tidal levels throughout.
The tide has no influence upstream of Forgan Bridge for flood flows 
more than ‘6,000 m 3/sec. so the tide machine was not used for the determination of 
the optimum situation at Rockleigh Bridge.
It was decided to measure all flood levels by pointer gauge. While this 
method may be tedious, it is accurate and above all reliable. It was estimated, 
and this was later confirmed by the mathematical model, that the peak levels 
throughout the length of interest were not time dependent. The duration of the peak 
flow in the Pioneer River was invariably longer than the time it required the peak 
to pass through the area of concern and consequently it was possible to treat the 
model as if the flow were constant at the peak flow rate. Primarily the levels 
required are the peak levels in a particular flood. There is, consequently, no
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urgency when taking measurements and overall it was thought that measurement by 
pointer gauges would be the most reliable system.
It was difficult to anticipate where the individual pointer gauges should 
be placed. While the model was being proved, there were only a few points at 
which actual reliable flood levels had been taken. Obviously levels had to be 
taken on the model at these points. It does not follow that these points were 
the important levels for calculation or major interest. It would appear also 
that the position of the critical levels changes from scheme to scheme as systems 
are introduced and even as the flow pattern changes. Before the completion of 
the Rockleigh Bridge tests, a large number of gauges (47) were dispersed over the 
model.
The basic bench mark for the model was a stud in the holding down 
block of the pipeline supplying the overhead tank. This had an assigned value of 
-16.5 A.H.D. The model was built from this bench mark. It had been found that a 
surveyorfs level is not accurate enough to determine the datums of widely dispersed 
pointer gauges reading to 0.0005 m. A system of clear plastic pots connected by 
nylon tubes was developes for this purpose. (Fig. 6).
V
A pointer gauge was set up over the B.M. and a reading taken. The point 
of the gauge was raised and a pot set up underneath it. This pot was connected 
by a long plastic tube to a second similar pot which was set up under another 
gauge on the model. Water was poured into pots and tube. The second pot was 
set so that water was visible and not overflowing in both pots. The point of 
the second gauge was placed in the water surface and the gauge read. The water 
surface reading on the first gauge was also taken.
On the first gauge the difference in reading of this gauge on the bench 
mark and the water surface gives the height of the water above datum. On the 
second gauge a reading on the water surface, whose level is now known relates the 
reading on the gauge to the datum.
At first the gauges were a mixture of all types of pointer gauges 
reading some in inches and some in millimetres. As they became available, a 
standard type reading in millimetres replaced the others. The reading on these 
gauges could be changed relative to the point (Figure 7). For convenience all the 
gauges were set to a common zero, i.e.
zero reading on the gauges is equivalent to R.L. -3.72 m A.H.D.
A small paint spot on each gauge indicated whether the gauge had been 
tampered with, inadvertently, or otherwise.
Readings were taken to 0.5 millimetres. Periodic checks on the zeros 
were made to detect possible movement.
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The maps produced from the new aerial survey showed levels in metres 
referred to A.H.D. (The Australian Height Datum). The base plan gave levels in 
feet and referred to State Datum. This plan had been produced by collating many 
sources of information and these included many different datums. The list given 
in "Flooding in the Pioneer River and its Effect on the Mackay City Area",
Committee of Enquiry to the Coordinator General 1950 Page 29 is repeated (Table 2). 
These level datums are still in common use. It may well be that the datums have 
now been related to each other with some accuracy. The confusion that has arisen 
because of misapplication of datums to particular levels still remains.
The introduction of Australian Height Datum has added somewhat to the 
confusion. It would appear that there is not, either locally or generally, a 
constant difference between State Datum as inferred from its bench marks and 
Australian Height Datum. For this model it has been assumed that the level of 
a point above Australian Height Datum in metres is the level of that point in 
feet above State Datum divided by 3.28 plus 0.18.
Level
A.H.D
Level in ft 
State Datum 
3.28 + 0.18 metres. V
The Pioneer River, as most rivers near the sea, has two distinct limits 
to its boundaries. The river banks proper within which small flows and the 
tidal flows are confined. Beyond these banks there is a much wider flood valley. 
In places the bank of the river and the bank of the flood valley can coincide 
and their relative heights are not uniform. Very large floods will even escape 
from the flood valley.
In floods the occupation and vegetation within the flood valley largely 
determines the flood levels and the distribution of flow between the river and 
various parts of the flood valley. As can be seen from Figure 22/1 the flood 
valley through the area of interest is significantly vegetated either with sugar 
cane,mangroves, scrub and/or grass.
In flood flows much of this land is inundated to a depth of some metres. 
Grass offers very high resistance to flow at relatively shallow depths (150-200 
mm). Above these depths the grass - even tall rugged grass - tends to lie down 
and becomes the protective layer of a hydraulically smooth channel. Dense scrub, 
sugar cane, mangroves and the like maintain the high resistance to flow until 
they are completely covered. Until this stage,virtually all the effective flow 
is confined to open areas on or adjacent to the river or any continuous paths, 
natural or artificial, through the vegatation. In detail, the relation between 
vegetation, resistance, depth and discharge is unresolveably complex.
After the concreting of the model is complete, it is necessary to add 
"roughness" equivalent to that of the prototype. Equivalent in the sense that
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at corresponding depths the flow pattern and hence flow distribution always 
correspond in model and prototype as closely as can be determined.
Cane was represented by a fine aluminium expanded-metal mesh folded 
into triangular corrugations of the average height of standing cane in this area - 
2.5 to 3.5 metres. Other roughness was introduced by folding 20 mm chicken wire
into square sections 25 mm wide and 1.000 m long. By spacing them sparsely these
could represent rough grass; close together and stacked, saplings and scrub and 
as dense as possible to an adequate height, mangroves etc. Where necessary, 
e.g. along River Street, buildings were simulated as a complete block. There is 
virtually.no through communication inside a street block.
The effect of this roughening is indicated in Table 3. It can be seen
that the flood level at the Hospital Bridge in the 1970 flood is reduced by
0.730 m when the cane is removed as shown in Figure 8.
The areas of significant vegetation can be determined easily from the 
colour aerial survey photographs. This survey was flown in 1974 and as the 
latest flood of significance was in 1970, it was agreed that the model should 
conform to this flood everywhere and then should be expected to reproduce other 
recent known floods with comparable accuracy.
The 1970 Flood
It was thought that a good deal of factual and measured information was 
available for the 1970 Flood. This flood had peak discharge only exceeded by the 
1958 and the 1918 floods. In fact very little real information was first 
available when the results were collated. Ullman & Nolan did succeed in providing 
some useful additional information in reply to our request.
Four automatic recorders had been installed in the lower Pioneer River 
(see Fig.l) at
(1) Foulden
(2) Rockleigh
(3) Michelmore's Store - south bank between Forgan and Harbour
Railway Bridges
(4) East Point on the north bank, the nearest accessible point
to the mouth of the river.
Gauge 3 at Michelmore's store was not operational during 
the 1970 flood. It is certain that Gauge 1 (Foulden) and Gauge 2 (Rockleigh)
traces are completely in error. They produced a trace (Fig.9), but from other 
information the peak height registered was in both cases far too low. On the 
other hand, the total volume of water registered as passing the Foulden gauge far 
exceeds that elsewhere. Gauge 4 at East Point was also drawing a trace, but it 
would have been remarkable if a flood of this magnitude could have passed through
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with so little effect at the mouth of the river. This record must be suspect, 
although the maximum level is possible.
Of greater accuracy is a half hourly reading of the staff gauge on the 
upstream end of the first pier of Forgan Bridge. The peak passed here between 
8.00 and 10.30 a.m. on the 19th January 1970. A plot of these readings is given 
in Figure 10. The shape of this hydrograph is very similar to that registered 
at Pleystowe.
In addition, the Railways Department made available the photograph of 
the Main Line Bridge taken by one of their foremen (Fig.11). There is no way of 
timing when this photo was taken. However, the maximum level here cannot be 
less than this. The flood level was estimated to be 8.84 A.H.D.
Other levels were obtained, some at the time of the flood, e.g. Kensey 
Street, North Mackay, and some upon our enquiry in 1974.
Thus a series of ’peak1 levels was built up throughout the area (Fig.12) 
and some are tabulated in Table 4.
The Peak Discharge of the 1970 Flood v
When the model study commenced, it was accepted that the peak discharge 
at Pleystowe in this flood was 196,000 cusecs (refer I.W.S. 19th March 1974).
After this investigation commenced, the Irrigation and Water Supply 
Commission, as a result of further measurements on the Pioneer, readjusted the 
stage discharge curve for Pleystowe.
The flows associated with the various major floods are set out in
Table 5.
This adjustment to the discharges meant a revision of the simulation 
of the vegetation. It was a welcome change as we were having difficulty in 
matching prototype levels. (It is of interest here to refer to the previous model 
report where there are numerous references to flow being too small). A 
considerable amount of time was spent measuring flood levels on the model and 
collecting through Ullman & Nolan actual levels during the 1970 flood; trying 
to rationalize both and relate an understanding of the model to what had happened 
in the prototype.
The model and prototype levels for the 1970 Flood are given in Figure 
12. There are differences, but it is doubtful if any closer accuracy either in 
model or prototype and consequently their comparison is at all possible. In 
general, the difference is in the right order.
The levels just upstream of Forgan Bridge are higher on the prototype. 
Amongst other things, there was considerable debris matted against the Harbour
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Railway Bridge (Fig.13). This will cause some elevation of the water level.
How much is always a matter of conjecture. In general the restriction due to 
debris and particularly floating debris is not as great as generally believed.
It cannot be modelled and must vary from flood to flood.
The model gauge given as upstream of Forgan Bridge is in fact remote 
from the local influence of the Bridge (about 15 mm). The model shows a visible 
build up at the pier. At midspan there is no measurable difference between the 
level as close to the bridge as can be measured (pointer is 5 mm dia.) and 
that 12-13 mm upstream. On the line of the pier the corresponding difference 
is 170 mm (3.5 mm on model).
pier.
The Forgan Bridge gauge is fastened to the upstream face of the first
There is also considerable wind gusts and surface waves cf Figure 11, 
which can give rise to wave wash and run up. These effects can be quite 
considerable, particularly on say a road entering the flood area, e.g. Kensey 
Street, where the width of the flood waters exceeds two kilometres. The 
flow velocities are quite high and can account for differences of 0.300 to 0.400 m 
between adjacent levels if çne is in stagnant water and the other is in the main 
stream.
The comparison is only disturbing, quantitatively, downstream of the 
Barnes Creek Bridge. I do not think these differences are important or even 
real. It should be noticed that there is as much inexplicable variation in the 
prototype levels as there is between model and prototype.
A large percentage of the flood flow passes through the Forgan Bridge 
despite extensive overtopping of the two embankments and flooding north of the 
Cremorne area. Downstream of the Railway Bridge the water level is almost 
constant across a section parallel to the bridges. This is in contrast to 
upstream of the bridges where there is a marked rise toward the north (Table 4).
In the first place the afflux across Forgan and Harbour Railway Bridges 
differs from 0.330 m on the south side to 0.650 m on the north side.
At Barnes Creek the water simplycascades down through the bridge into 
the Bassett Basin. Although some flow passes from the main river flow into 
Bassett Basin below Forgan Bridge, it spreads quickly and the level in the more
remote parts of Bassett Basin is controlled largely by the outflow, i.e. the
iz .river level about Section 58 (Fig. 1^).
The 1958 Flood
The model was next subjected to the 1958 flow, 9400 m3/sec. The model 
proved itself more by the differences it showed to the 1958 Flood as by the
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similarities. The model and prototype levels are plotted in Figure 14. Levels 
in the vicinity of Forgan Bridge show a similar relationship to the prototype 
as did the 1970 results.
At the Hospital Bridge the model gave the level as R.L. 9.50 m/A.H.D. 
The level recorded here at the time of the flood was R.L. 8.71 m/A.H.D. The 
model indicates a level 0.79 metres above the actual. But the actual level in 
1958 (8.71 m/A.H.D.) is less than that of 1970 (8.84 m/A.H.D.).There is a 
photograph to prove the latter.
There appeared to be little change in the adjacent land use.
The 1958 Flood had deposited large quantities of sand in this area 
closing the old road. Main Roads Department records show that the northern 
approach to the Hospital Bridge was rebuilt after this flood.
Comparing the 1953 and 1959 and 1972 aerial photographs (Figs 15,16,12), 
it can be seen that there was in 1953 a road from the Hospital Bridge Road through 
the village of Foulden and thence westward along the north bank of the Pioneer.
In the 1959 photograph (Fig.16), the village of Foulden had been eliminated, 
together with a considerable portion of the road. It was from this area the sand 
came. The Hospital Bridge road was realigned during its rebuilding and Ullman 
and Nolan bored on the line of the old road to measure the depth of the old road 
surface. These results are shown in Figure 17. It can be seen that a significant 
depth of sand(approximately 1.5 metres)had been deposited across the whole of the 
flood valley on the northern bank. This change in level had been correctly mapped 
by the new aerial survey (1974) and this portion of the model had been built to 
this form. It was this massive deposition which was responsible for the large 
increase in the 1958 flood on the model and indeed for the relatively excessive 
height of the actual 1970 flood at this point.
A series of tests was carried out to show that the tide level in the 1970 
and consequently higher floods had no effect on the levels immediately adjacent 
to the Forgan Bridge and Harbour Railway Bridge and upstream thereof. These 
results are tabulated in Table 6. Further similar tests were made for the higher 
floods, but the tidal effect on lower floods will await use of the tide machine.
The Rockleigh Bridge
The Bridge design under test on the model initially comprised 22 spans 
28 m between centreline of piers. The piers were single cylinders of 1.8 m 
diameter. The R.L. of the deck at centre was 13 m A.H.D. and at the abutments 
12 m A.H.D. Thus the lowest soffit was R.L. 10.4 A.H.D. (Fig. 18).
The line of the bridge is shown in Figure 19, together with the initial
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line of the essential road works through the floods area. The north abutment 
is in high ground. The necessary long embankment on the south side must not be 
overtopped by the 1:50 year flood.
This arrangement created a completely unacceptable flow situation.
The vast majority of the flow passed through the bridge probably with very little 
afflux, but some flow ponded in the area adjacent to Nebo Road between the 
Rockleigh Bridge embankment and the levee along Shakespeare Street. The level of 
this water was very close to that of its origin- the river near the Hospital 
Bridge. At a relatively small flood, 5000 m 3/sec, it broke over the levee and 
flowed down Shakespeare Street, as of old.
Building a bridge in the road embankment adjacent to the Nebo Road only 
induced more flow into the area without preventing overflow of the Shakespeare 
Street levee. The grade required to convey the water to the opening compared 
with the head required to push it through the opening in the road embankment is 
always going to be small.
The embankment was progressively removed in 50.000 m increments. For 
each incremental increase of opening, the river flow necessary to overflow the 
Shakespeare Street levee was determined. The flow to this area is obviously 
dependent on the cane growth. The tests were repeated with some cane removed.
The results are plotted in Figure 20. Very obviously increasing the bridgeing 
in the embankment is neither a real nor an economic solution.
The failure of the first bridge proposed (Fig. 19) also illustrated a 
further weakness in the other tests required of the model. The general solution 
to the Rockleigh Bridge problem was obviously an embankment linking the "high" 
ground south of the Hospital Road and Railway Bridges to the southern abutment 
of Rockleigh Bridge. This embankment, akin to levee 7.(Ullman & Nolans Fig.6.1) 
would direct the flow through the Rockleigh Bridge. How high should this levee be
At this time the crucial 1:50 flow was estimated to be 14,000 m3/sec.
At this discharge, the flow was by no means confined to the flood valley. After 
about 10,500 m 3/sec., overflows were occurring on the southern bank at the 
Hospital Bridge flooding through the built up areas. These flows were joined by 
others from above the Forgan Bridge. If levee 7 was raised to avoid direct river 
flooding of the Bridge approaches, then the flood flow around . the Hospital Bridge 
increased.
Even if a satisfactory distribution of the 1:50 flood could be found, 
the same problem arose with less frequent floods; particularly as the Trust for 
certain works, e.g. the levee in East Mackay, were looking at the 1:200 flood.
After considerable discussion, it was agreed that all floods should be 
confined to the flood valley by a high bank along its fringes (shown in Fig. 21/1)
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The levels of the floods in this flow system were to be used as a basis of 
comparison of the effect of other structures in the Pioneer River Valley.
The reduced level of the pointer gauge readings for various flows 
are given in Table 8. The plot from these gauges along the banks is given 
in Figure 21. Owing to the large number of gauges necessary other than at 
these banks, this plot is, in places, deficient to determine everywhere the 
height of bank necessary to avoid flooding for a particular discharge.
However, immediately the Rockleigh Bridge is introduced considerable lengths 
of this fringe bank become redundant. The complete longitudinal plot of the 
banks will be carried out again accepting the introduction of the Rockleigh 
Bridge.
At this stage also, following the revision of the stage discharge 
curve at Pleystowe, the Irrigation and Water Supply Commission have agreed to 
a revision of the magnitude of floods of particular frequencies. These are 
set out in Table 7.
The Effect of Works associated with the Rockleigh Bridge on Flood Levels
The measured results are presented in the form of tables. Each 
table represents the levels at a particular flow. Table 9 is the levels at 
various gauges for 6000 m3/sec. The interval between flows is generally 
1500 m3/sec. The highest flow, 15000 m3/sec (approximately 1:200 flood), is 
given in Table 16. The 1958 flood (9,400 m 3/sec) replaced the 9000 m 3/sec. 
table (except column 1). The 1:50 flood, 10500 m 3/sec., is given in Table 12.
Each column of the table represents a particular condition imposed 
on the river. Thus column 1 of every table gives the flood level for the flow 
of the table when only the flood levees along the fringe of the flood valley 
have been erected. The conditions imposed on the river are illustrated in 
the Figures of the principal number 22. The column is indicated by the 
secondary number. Thus Figure No. 22/1 gives the position and essential details 
of the levee along the fringe of the flood valley. Figure 22/2 shows that levee 
7 has been introduced and gives its position and the flood levels associated 
with this situation are presented always in column 2 of the particular flood.
Some changes were made after the tests commenced. We have records 
of higher flows not given here. The readings for some flows were not taken 
until certain channel changes had taken place (cf Table 9,6000 m 3/sec.). Some 
new gauges were introduced, 25C^ and 25.5C^, i.e. below Rockleigh Bridge, but 
beyond the recovery wave. The approximate position of the gauge can be 
determined by its designation. The number, e.g. 16, represents the cross section
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at which the gauge is situated. The letter, e.g. A, represents the grid lines 
between which it is situated (see Fig. 1). The subscript 1 or 2 indicates 
where in the grid the gauge is - 1 is the lower half, 2 the upper half. Thus 
I6A2 is the gauge immediately upstream of the Main Line Railway Bridge. The 
exact position of the gauges are given in Figures 1 and 22/1.
In general the flow situation at the site of the bridge was, in its 
original state, very turbulent and the surface most disturbed. The upper three 
lines of figures in ’Italics' are gauges 23.5C^, 24C^ and 25B2» They are 
virtually in a line parallel to and upstream of the proposed Rockleigh Bridge. 
Examination of column 1 (and for low flows this is virtually the existing river 
situation) shows there can be a large, one metre or more, difference in level 
across this section.
There is good reason for this. The flow,moreso at lower floods,is 
directed markedly to the northern side. Hence 23.5C^ is invariably the highest.. 
At low flows the river bank level rather determines the level at 2 5 ^ 2 * The 
surface grade in the vicinity of the bridge, if at all meaningful, is very high 
for such flows. The level difference between 22C^ and 25C^, i.e. in a'distance 
of approximately 375 m, • is 0.900 m. at 7500 m 3/sec (Table 10) and 1.2 m at 
10500 m 3/sec (the 1:50 flood). There are ragged outcrops which add to the 
turbulence.
No tests have been made on removing the rocks. While they may cause 
considerable local turbulence, their overall effect will be limited and difficult 
to measure with any certainty on this model.
Column 1 (refer Drg No. 22/1) represents in the area of the bridge 
the existing river condition for flows less than about 9000 m 3/sec. For higher 
flows it accepts restriction of the flow to the present flood valley. The 
levees are considered to be so high they would never overflow. This is accepted 
as the only way in which further development in the Mackay area could be allowed 
and if flood protection is to be offered.
It forms the base with which the effect of new structures or proposed 
changes in the river can be compared. It is suggested that, if possible, the 
levels in column 1 should not be exceeded unduly. The piers of the bridge were 
left in the model. The overall head loss due to a round pier in a smooth flow 
is very small. In these wide spans and at these velocities, it would be less 
than 0.010 m. It would be quite impossible to measure such a difference on this 
model, particularly in this turbulent flow. It is probable that the changes 
which could arise by removing the bridge and reinstating the area would exceed 
any change due to the bridge.
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Column 2 (refer Drg 22/2) gives the levels when
(i) A levee is built on the line shown in Ullman & Nolan's
Report Drawing Nos. 6.1 and 7.8 (Levee 7). This levee goes 
from the southern abutment of the North Coast (Main) Line 
Bridge to the southern abutment of Forgan Bridge.
(ii) Elsewhere the fringe levees remain as in column 1.
(iii) The cane on the southern side between the river bank and this 
new levee is removed.
The effective width on the line of the bridge from the northern fringe 
levee to levee 7 was 783 metres (again the piers were in over 620 metres of 
this distance).
It can be seen that these column 2 levels are always a little lower 
than column 1. The larger the flow the greater the reduction. The reduced 
area of flow is mainly compensated by a higher velocity from lesser boundary 
shear and an improved alignment. Probing tests showed any further diminution 
in channel width caused a considerable rise.
Column 3 of each table refers to Drawing No. 22/3. With exactly the 
same conditions as in column 2 the southern end of the bridge has been linked 
by a road embankment through levee 7 and thence to the Nebo Road junction.
There is then a considerable rise upstream of the proposed bridge measureable 
as far as 5A^. At 10500 m3/sec, it is 0.700 m near the bridge. This is not 
a hold up due to the bridge. It is the inability of the waterway now developed 
to carry the flow at the levels in column 2 (the bridge piers were always there).
Column 4 of each table refers to Drawing No. 22/4. The levee on the 
southern side (Levee 7 of Ullman & Nolan's report) was moved to give a smooth 
line from the Main Line Railway Bridge through the southern end of the proposed 
Rockleigh Bridge to the southern end of Forgan Bridge. This modification 
illustrates the truth of the statement for column 3. There is virtually no 
change in levels except a slight improvement close to the bridge, no doubt due 
to the elimination of the extra loss of the sharp contraction at the end of the 
bridge.
Column 5 is a modification to the northern end of the bridge approach.
In previous columns the levee on the fringe of flood valley downstream was taken 
into the high ground at the bridge end. The flood approach to the bridge at 
this northern end was nearly parallel to the bridge itself. The levee was 
altered to that shown in Ullman & Nolan's Report Figure 7.8. The levee then is 
almost perpendicular to the bridge as it should be. This change eliminated one and
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a half spans and thus reduced the effective length* ' but it improved the 
flow direction and the nett change in level was very small. The detailing of 
the bridge at this northern abutment does require considerable attention.
The levee as built forms virtually the river bank at the bridge and would be 
some 15.000 metres high from -2.000 to > 12.000 metres. The designer might 
well find it better to use the one and a half spans as an approach. This 
could, however, lead to severe local turbulence and heavy protection from scour.
From a level point of view it is not important. The flow depth is 
large, 9.000 metres or more, and moderate width changes can be absorbed with 
little change of depth unlike the southern side.
Column 6 refers to Drawing No. 22/6. The northern side remains as 
in 22/5, but the southern levee is moved to reduce the bridge length by four 
spans. As expected there is another sharp rise in river level above
the bridge, approximately 0.500 metres.
Column 7 refers to Drawing No. 22/7. The bridge and levee arrangement
was exactly as for column 6. The
*
ground level at the bridge was reduced to 2.5 metres A.H.D. for a length of 
45.000 metres and thence on the southern side sloped at 1;80 into the existing 
ground upstream and downstream. On the northern side a high knob was reduced 
to 2.5 metres A.H.D. This local deepening gave rise to a considerable fall in 
water level, particularly at the lower flows and at the bridge itself. In 
fact the control point is the top of the slope upstream of the bridge.
Column 8 refers to Drawing No. 22/8. The southern levee has been 
moved to the original end of the bridge, i.e. the effective length of the bridge 
is 20^ spans. The deepening to 2.5 metres A.H.D. as described in column 7 
was continued to the levee. The water levels were reduced only slightly at 
the bridge but considerably more upstream as the increased width lowered the 
level at the control section which was again the upstream edge of the 
excavation.
Column 9 (refer Figure 22/9) is the conditions of column 8, but the 
high knob on the northern bank downstream of the has been reinstated." This has 
no effect. The control is upstream of the bridge and quite uninfluenced by 
the levels downstream.
Column 10 (refer Figure 22/10). The levee system remained as in 9, 
i.e. effective length of bridge is 20^ spans. The level under the bridge and 
downstream remained unchanged. Upstream of the bridge the whole southern river 
bank inside the levee was excavated from R.L.2.5 A.H.D. at the Rockleigh Bridge 
to R.L.3.5 A.H.D. at the Railway Bridge generally being level at right angles V
to the levee. The depths under the bridge are not significantly
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changed, but upstream channel water levels are lowered 0.3 metres and the 
reduction extends to the top of the model.
Conclusions
1. A bank from the North Coast (Main) Line Railway Bridge to the 
end of the proposed Rockleigh Bridge must be considered as an 
essential part of the bridge works. The height to which this 
bank should be built now cannot be determined from the model 
alone. It must be a policy decision. The 1:200 flood will 
not rise to the proposed bridge deck level and hence the road 
at the end of the bridge. At any time in the future, Levee
7 can be raised to prevent egress of water into Mackay City 
in this rare event without any complications at the road 
crossing. But such raising can only be sensibly carried out 
in conjunction with the banks along the fringe of the flood 
valley.
2. Some river/abutment works will be necessary on the northern 
bank. It would be wise for the Main Roads Department to 
consider the direction of flow here to the bridge.
3. The rock spurs if removed will improve the low flood flow ‘ 
pattern, but are hardly essential if local scour is not a 
problem. If they are not removed now, it will be a serious 
problem after the bridge is built. The rock could possibly 
be usefully employed.
4. In all the tests made the levels downstream of the proposed 
bridge are not significantly altered by nor do they influence 
the bridgeworks.
5. It makes no difference to the upstream levels when the levee 
(7) is continued to Forgan Bridge. The flow, however, will 
be untidy and local scour at the end of the levee or abutment 
will have to be prevented.
6. If the bridge is to be built on the existing ground, then the 
length must be increased to approximately 780 metres to maintain 
existing levels upstream.
7. If the level of the ground on the southern bank is reduced, then 
the length of the bridge can be reduced.
8. It is suggested that the level of this lowered area be limited 
by high tide. It will be essential to maintain a vegetation cover. 
The best cover could well be about high high tide. The occasional 
salt water intrusion would prevent growth of paragrass and allow 
the development of couch or kikuyu.
9. This area should be maintained.
2 1 .
10. Reducing the level of more extensive areas does not reduce
levels at the proposed bridge. The flow pattern is, however, 
much quieter and levels are reduced accordingly.
11. The removal of the high spur on the northern bank downstream
of the proposed bridge does not change the levels, but does
improve the flow distribution at this section.
12. Subject to agreement of 2.5 metres A.H.D. as the adequate ground
level and the level differences acceptable, a bridge as proposed
but of twenty spans (less 2) would be adequate with a little
excavation upstream. (It is assumed that one and a half spans
are ineffective as a waterway on the northern side).
TABLE 1
RATIO OF PROTOTYPE/MODEL PROPERTIES
Length (horizontal) 250
Height (vertical) 50
Velocity ¿50 7.07
Discharge 88388
Time 35.36
TABLE 2
SUMMARY OF LEVEL CORRELATIONS - MACKAY DISTRICT
Bench Mark etc. State Datum 
value (ft)
A.H.D. Datum 
metres
Value to other 
Datum ft/above
State BM No. 7 
at Court House
20.21 6.34 30.46 City 
(Sewerage) Datum
BM on Customs 
House Stop
17.82 5.61 28.07 City 
Datum
State BM No.43 
Outer Harbour
22.34 6.971 32.59 Chart 
Datum City 
(Sewerage) Datum
Standard High 
Water Level
9.00' 2.92 Zero S.H.W.L. 
Datum
State Datum ■ 0.00 0.18 
in City
10.25 City 
(Sewerage) Datum
State Datum 0.00 0.16
outer harbour
24.05 Forgan 
Bridge Datum and 
Railway Datüm
City Sewerage) 
Datum ) 
Chart Datum )
-10.25 ' -2.95
TABLE 3
REMOVAL OF CANE AREAS 
(numbered on Fig.8)
Flow = 7500 m 3/sec.
R.L.(A.H.D. ) at Gaug;e
16A2 24Cj 32BX 32Cl
All cane in place 8.83 7.15 6.40 6.35
Area of cane removed (Fig. 8)
Nos. 4 & 5 * 8.83 7.05 6.43 6.35
Nos. 4,5,6, & 7 8.60 6.98 6.45 6.35
Nos. 4,5,6,7,8,9,10,11 & 12 8.43 6.78 6.50 6.35
Nos. 1,4,5,6,7,8,9,10,11 & 12 8.10 6.73 6.53 6.40
TABLE 4
1970 FLOOD LEVELS
Location . Prototype Level 
m/A.H.D.
Model Level 
m/A.H.D.
Forgan Bridge Centre of 5th 
span from south side 5.82 5.58
Forgan Bridge Centre last 
span northside - 5.90
U/S Barnes Creek Bridge 6.17 5.98
D/S Harbour Railway Bridge 
south and north side
- 5.25
250 m D/S of Barnes Creek Bridge *4.75 5.20
Further round into Basset Basin 
from Barnes Creek
(3.85
(4.32 4.65
* Approx, distance only.
TABLE 5
MAJOR FLOOD FLOW ESTIMATES
Flood 1950 Report Prior to 1975 1975
m3/sec.cusecs mVsec. cusecs rad/sec.
1918 222520 6300 261000 7400 9800
1946 118000 3300 152000 4300 6200
1947. 86025 2400 112000 3200 4600
. 1951 140000 4000 5900
1954 124000 3500 5100
1956 165000 4700 6700
1958 248000 7000 9400
Feb.
1958 147000 4200 6000
Apl.
1959 105000 3000 4300-
1970 196000 5550 7800 '
TABLE 6
EFFECT OF TIDE 
7500 m3/sec.
Position of Gauge Levels A.H.D.
(85^) Sea (Tide) 0.6 1.73 2.25 2.68 3.5
(7OB2) East Pt 1.6 2.13 2.48 2.85 3.5
(ÓOC^) Bassett Basin 4.43 4.4 4.4 4.45 4.55
(438^) Forgan Bridge 5.6
(löA^) Hospital Bridge 8.8
TABLE 7
FLOW FREQUENCIES
TABLE 8
LEVELS AT GAUGES (ref Fig 21) 
for 1:50 flood
Gauge ^AHD
Northern Levee
12 Clv 9.15IX
23.5 C1 8.41
24 Cx 7.91
25 Cx 7.53
32 D2 7.21
42 Dx 6.96
45 D1 6.38
46.5 D2 5.79
Southern Levee
16 A2 9.74
18.5 A? 9.11
25 A2X 7.43
32 Bx 7.38
‘ 34 Bx 7.46
34 B2 7.33
39 C1X 6.63
43 B2 6.58
43.5 B2 6.36
45 B2 6.23
50 B2 6.06
55 B2 5.81
60 C1 5.51
60 Bx 3.23
59 A2X 3.14
TABLE 9
FLOW: 6000 m 3/sec.
Gauge No. 1 2 3 4 5 6 7
V
8 9 10
CM
<
8.43 8.53 8.41 8.33 8.38 8.18
11AX 8.41 8.46 8.36 8.26 8.28 8.08
12C1X
*7.88 8.07 7.82 7.62 7.67 7.17
16A2 8.21 8.26 8.18 8.03 8.08 7.81
20.5B2 7.43 7.61 7.33 7.13 7.28 6.73
22CX 7.18 7.33 7.03 6.88 6.93 6.68
23.5C1 6 . 9 8 7 . 1 6 6 . 7 8 6 . 7 3 6 . 8 3 6. 68
2¿tCx 6 .7 1 6 . 8 8 6 . 5 3 6 . 4 8 6 . 5 8 6 . 6 8
25B2 6 . 6 8 6 . 7 3 6 . 5 7 6 . 8 3 6 . 9 3 6 . 7 1
25C1 6.81 6.83 6.65 6.58 6.63 6.61
25.5C1 6.51 6.61 6.56 6.98 6.63 6.48
25C1X
6 . 5 2 6 . 6 0 6 . 5 3 6 . 4 0 6 . 2 5 6 . 5 0
25.5C1X 6 . 3 8 6 . 3 3 6 . 5 1 6 . 6 3 6 . 4 8 6 . 5 3
32CX 5.96 5.83 5.87 5.86 5.93 5.93
32C2 6.03 5.93 5.88 5.82 5.98 5.98
32DX 5.88 5.83 5.81 5.78 5.83 5.88
32D2 5.93 5.88 5.83 5.83 5.88 5.98
TABLE 10
FLOW: 7500 m3/ s e c .
Gauge No. 1 2 3 4 5 6 7 8 9 10
5A2 8.91
8.78 8.91 8.93 9.08 9.48 9.03 8.88 8.86 8.78
1 ^ 8.91 8.73 8.86 8.88 9.03 9.38 8.98 8.81 8.78 8.68
12C1X
8.47 8.12 8.37 8.37 8.62 9.07 8.57 8.32 8.22 7.92
16A2 8.78 8.58 8.66 8.66 8.86 9.13 8.78 8 .63 8.58 8.43
20.5B2 7.92 7.63 6.85 7.88 8.13 8.38 7.98 7.73 7.73 7.38
22CX 7.73 7.51 7.81 7.73 7.83 8.13 7.66 7.48 7.38 7.38
23.5C1 7 .56 7.38 7.68 7.53 7.58 7.86 7.38 7.28 7.26 7.33
2 4 ^ 7.03 7.08 7.43 7.23 7.33 7.58 7.11 7.08 7.08 7.28
25B2 6.39 6.88 7.18 7.23 7.31 7.31 7.10 7.32 7.18 7.33
25CX 6.83 7.01 7.31 7.23 7.46 7.57 7.26 7.18 7.03 7.18
25 .5CX 6.63 7.13 7.51 7.18 6.96 7.11 7.28 7 .18 7.33 7.21
25CXX
6.83 7.15 7.15 7.15 7 .00 6.68 7.05
25.5C1X 6.78 6 .93 7.18 7.03 7.08 6.93 7.08
32CX 6.41 6.38 6.33 6.38 6.53 6.43 6.41- 6 .41 6.43 .6.43
32C2 6.36 6.36 6 .38 6.46 6.58 6.43 6 .43 6 .43 6.53 6.53
32Dj 6.36 6.36 6.28 6.33 6 .48 6.36 6.36 6 .38 6.28 6.43
32D2 6.38 6.36 6.33 6.38 6.53 6.41 6 .38 6 .48 6.33 6.53
TABLE 11
FLOW: 9400 m3/ s e c .
Gauge No.
9000
1
m3/see
2 3 4 5 6 7 8 9 10
sa2 9.48 9 .38 9.58 9.68 9.73 L0.03 9.83 9.58 9.63 9.43
U A 1 9.43 9.33 9.61 9.63 9.73 9.98 9 .78 9.53 9.63 9 .38
12C1X 9.05
8.72 9.16 9.22 9.32 9.77 9.52 9.12 9.07 8.72
16A2 9.23 9 .13 9.43 9.43 9.48 9.83 9.58 9.33 9 .38 9.06
20.5B2 8.48 8 .03 8.61 8 .68 8.70 9.20 8.83 8.43 8.48 8.08
22C1 8.31 8 .03 8.53 8.48 8.41 8.88 8.43 8.13 8.28 8.03
23 .5C1 7.98 7.91 8 .39 8 .28 8 .13 8 .58 8 .03 7.83 7.98 7.98
to
 
.>
 
o
 
»—*
7.38 7.68 8.18 8.03 7.91 8.28 7.83 7.63 7.88 7.93
25B2 7.01 7 .56 6.83 7.83 7.78 7.98 8.31 7.73 8.18 7.96
25C1 7.18 7.56 7.98 8.07 8.03 8.31 7.83 7.83 7.96 7.88
25 .5C1 6.96 7.58 6.86 7.48 7.48 7.58 7.81 7.88 8.03 7.81
25C1X
7.57 7.57 7.87 7.81 7.60 7.35 7.60
2 5 -5ClX
7.78 7.58 7.68 8 .03 7.73 7.70 7.70
32CX 6.86 6.93 6.93 7.03 7.03 7.03 7 .0 8 . 7.06 7.08 7 . 0 3
32C2 6.75 6 .88 7.03 7.13 7.08 7.03 7.08 6.98 7.23 7.18
32DX 6.76 6 .88 6.88 7.06 7.01 6.98 7.03 7.13 7.03 7.06
32D2 6.76 6 .88 6.88 7.07 7.06 7.03 7.08 7.08 7.13 7.16
TABLE 12
FLOW: 10500 m3/sec.
Gauge No. 1 2 3 4 5 6 7 8 9 10
5A2 9.93 9.73 10.08 10.03 10.13 10.43 10.18 9.93 10.01 9.88
11A 9.93 9.73 10.08 10.01 10.08 10.38 10.18 9.93 10.03 9.78
12C1X 9.15 9.05 9.73 9.53 9.72 10.32 9.92 9.57 9.52 9.27
16A2 9.74 9.51 9.91 9.83 9.98 10.26 9.98 9.78 9.78 9.51
20.5B2 8.95 8.43 9.13 9.03 9.19 9.63 9.23 8.81 8.83 8.58
22C1 8.77 8.36 9.07 8.86 8.83 9.31 8.81 8.53 8.63 8.48
23.5C1 8 . 4 1 8 . 1 8 8 . 8 8 8 . 5 8 8 . 5 6 9 . 0 3 8 . 0 3 8 . 2 3 8 . 3 3
V
8 . 4 1
2AC1 7 . 9 1 7 . 9 8 8 . 6 8 8 . 3 6 8 . 3 5 8 . 7 3 8 . 1 8
.
8 . 0 8 8 . 1 8 8 . 3 8
25B2 7 . 4 3 7 . 9 3 8 . 3 6 8 . 1 8 8 . 0 6 8 . 3 8 8 . 4 1 8 . 2 3 8 . 4 3 8 . 3 8
25CX 7.53 7.91 8.61 8.28 8.41 8.66 8.17 8.22 8.23 8.18
25.5C1 7.58 8.03 8.28 7.91 7.66 7.96 8.43 8.28 8.33 8.23
25CXX 7 . 8 3 7 . 9 5 8 . 2 5 7 . 9 3 8 . 0 5 7 . 0 5 8 . 0 0
25-5cix 7 . 9 3 7 . 9 3 8 . 0 8 7 . 9 3 8 . 0 8 8 . 0 0 8 . 0 3
32Cl 7.36 7.23 7.38 7.38 7.33 7.31 7.43* 7.38 7.38 7-. 41
32C2 7.21 7.28 7.38 7.43 7.37 7.38 7.43 7.42 7.53 7.53
32Dj 7.18 7.26 7.37 7.33 7.33 7.28 7.36 7.38 7.43 7.48
32D2 7.21 7.26 7.36 7.33 7.38 7.33 7.38 7.48 7.53 7.63
TABLE 13
FLOW: 12000 m3/sec.
Gauge No. 1 2 3 4 5 6 7 8 9 10
5A2 10.33 10.28 10.53 10.43 10.58 10.98 10.63 10.43 10.43 10.36
11A1 10.43 10.28 10.61 10.43 10.53 10.98 10.63 10.43 10.43 10.28
12C1X 10.07 9.71 10.32 10.12 10.32 10.85 10.47 10.02 10.07 9.85
16A2 10.18 10.03 10.38 10.18 10.38 10.73 10.43 10.18 10.23 10.01
20.5B2 9.43 8.97 9.68 9.51 9.63 10.21 9.73 9.20 9.38 9.08
22CX 9.23 8.93 9.63 9.36 9.33 9.88 9.33 8.88 8.98 8.98
23.5CX 8 . 8 8 8 . 6 8 9 . 3 6 9 . 0 1 9 . 0 3 9 . 5 8 8 . 8 3 8 . 5 3 8 . 6 3 8 . 8 3
24C1 8 . 3 8 8 . 5 3 9 . 1 3 9 . 1 9 8 . 8 1 9 . 2 3 8 . 7 3 8 . 4 1 8 . 5 8 8 . 8 1
25B2 7 . 8 8 8 . 2 3 8 . 8 3 8 . 5 3 8 . 4 8 8 . 8 5 9 . 6 3 8 . 7 0 8 . 7 8 8 . 8 3
25CX 8.03 8.43 9.08 8.63 8.76 9.06 8.68 8.48 8.63 8.51
25.5C1 8.01 8.51 8.71 8.31 7.98 8.38 8.91 8.48 8.61 8.61
25C!X 8 . 1 0 8 . 4 0 8 . 8 0 8 . 3 5 8 . 3 5 8 . 0 5 8 . 3 5
25-5Cix 8 . 2 8 8 . 3 3 8 . 4 8 8 . 5 8 8 . 3 8 8 . 5 0 8 . 4 8
3 2 C X 7.78 7.63 7.68 7.71 7.68 7.63 7.68 7.71 7.76 7.83
32C2 7.58 7.98 7.98 7.73 7.78 7.73 7.76 7.83 7.93 8.01
32DX 7.63 7.73 7.68 7.68 7.68 7.63 7.71 7.73 7.83 7.88
32D2 7.63 7.73 7.68 7.72 7.73 7.68 7.76 7.83 7.93 8.03
TABLE 14
FLOW: 12500 m 3/sec.
Gauge No. 1 2 3 4 5 6 7 8 9 10
5A2
10.76 11.18 10.78 10.43 10.53 10.43
IIAj 10.76 11.08 10.73 10.43 10.53 10.38
12C1X
10.50 11.07 10.65 10.12 10.17 9.92
16A2 10.56 10.98 10.60 10.28 10.38 10.08
20.5B2 9.82 10.42 9.88 9.33 9.43 9.23
22CX 9.48 10.00 9.41 8.98 9.08 9.06
23.5C1 9 . 1 8 9 . 7 3 8 . 8 8 8 . 6 3 8 . 7 1 8 . 9 1
2AC1 8 . 9 3 9 . 4 3 8 . 7 3 ' 8 . 5 3 8 . 6 8 8 . 8 8
25B2 8 . 6 8 9 . 0 3 9 . 1 3 8 . 8 3 9 . 9 1 8 . 8 8
25CX 8.86 9.28 8.71 8.55 8.66 8.76
25.5C1 8.16 8.56 8.98 8.63 8.68 8.58
25C1X
8 . 5 5 9 . 0 0 8 . 4 5 8 . 4 5 8 . 1 5 8 . 4 0
2 5 -5ClX
8 . 4 8 8 . 7 3 8 . 6 3 8 . 9 3 8 . 5 3 8 . 5 3
32CX 7.83 7.83 7.83- 7.81 7.91 .7.93
32C2 7.93 7.83 7.93 7.88 8.08 8.08
32Dj 7.83 7.83 7.93 7.88 7.98 7.98
32D2 7.88 7.83 7.98 7.93 8.08 8.13
TABLE 15
FLOW: 13500 m 3/sec.
Gauge No. 1 2 3 4 5 6 7 8 9 10
5A2 10.68 10.58 10.83 10.88 10.93 11.38 11.08 10.73 10.78 10.63
11AX 10.68 10.66 10.88 10.88 10.98 11.38 11.08 10.73 10.83 10.53
12C1X 10.02 10.12 10.65 10.62 10.77 11.83 11.00 10.47 10.47 10.17
16A2 10.51 10.38 10.68 10.73 10.48 11.22 10.91 10.48 10.58 10.33
20.5B2 9.81 9.41 9.98 10.00 10.03 10.71 10.23 9.63 9.73 9.48
22CX 9.61 9.36 9.93 9.86 9.68 10.31 9.73 9.28 9.33 9.31
23.5C1 9 .23 9 .08 9.71 9.53 9 .38 9 .93 9.18 8.83 8.98
V
9 .16
24Cl 8.81 8.91 9.43 9.21 9 .13 9 .68 9.03 8 .78 8.91 9.13
25B2 . 8 .28 8 .73 9.18 9 .03 8 .78 9.23 9.03 9 .18 9.13 9.11
25Cl 8.43 . 8.98 9.33 9.08 9.08 9.51 8.96 8.78 9.08 9.08
25.5C1 8.36 8.98 8.98 8.43 8.43 8.78 9.03 8.98 8.98 8.68
25C1X 8 .62 8 .77 9.27 8 .70 8,63 8 .50 8 .55
25-5ClX 8 .78 8 .6 6 9.03 8.83 8.83 8 .88 8.73
32CX 8.23 8.66 2.83 8.03 2.98 7.98 8.18 8.08 8.13 -8.08
32C2 8.28 8.03 8.18 8.06 8.03 8.28 8.17 8.33 8.28
32DX 8.03 8.08 7.88 8.03 8.03 7.98 8.18 8.08 8.26 8.23
32D2 8.03 8.08 7.88 8.08 8.08 7.98 8.23 8.13 8.26 8.33
TABLE 16
FLOW: 15000 m3/ s e c .
Gauge No. 1 2 3 4 5 6 7 8 9 10
5 A 2
11.01 10.81 11.28 11.28 11.28 12.08 11.48 11.13 11.13 11.08
11AX 10.98 10.93 11.28 11.26 11.31 12.03 11.98 11.13 11.13 11.01
1 2 c i x
10.30 10.42 11.07 11.02 11.32 11.92 11.32 10.92 10.92 10.67
16A2 10.78 10.68 11.08 11.08 11.18 11.98 11.23 10.83 10.93 10.68
2 0 .5 B 2 10.08 9.73 10.46 10.38 10.51 11.27 10.58 10.03 10.13 9.96
2 2  C j 9.88 9.66 10.41 10.21 10.08 10.86 10.03 9.63 9.71 9.83
2 3 .5 C 1 9 . 5 3 9 . 4 1 1 0 . 1 8 9 . 8 8 9 . 7 3 1 0 . 4 3 9 . 4 3 9 . 2 3 9 . 3 6 9 . 61
24CX 9 . 0 8 9 . 2 1 9 . 8 3 9 . 5 3 9 . 5 6 1 0 . 1 3 9 . 3 3 9 . 0 8 9 . 2 8 9 . 5 3
25B2 8 . 5 8 8 . 9 8 9 . 7 8 9 . 1 8 9 . 1 5 9 . 7 3 9 . 6 9 9 . 6 3 9 . 5 3 9 . 5 3
25CX 8.68 9.21 9.68 9.28 9.41 9.96 9.23 9.08 9.18 9.51
2 5 .5 C 1 8.61 9.18 9.26 8.78 8.73 9.23 9.03 9.33 .9.43 9.28
25CXX
8 . 9 9 9 . 1 8 9 . 6 5 9 . 0 8 8 . 8 0 8 . 9 0 8 . 9 5
25- 5CXX
9 . IS 8 . 9 3 9 . 5 6 8 . 9 8 9 . 2 3 9 . 1 2 9 . 0 3
32CX 8.53 8.28 8.23 8.48 8.33 8.33 8.43 8.28 8.43 8v 38
32C2 8.38 8.28 8.93 8.43 8.38 8.43 8.48 8.58 8.61
32D1 8.33 8.38 8.26 8.33 8.38 8.23 8.38 8.43 8.51 8.53
32D2 8.33 8.38 8.28 8.38 8.40 8.28 8.43 8.53 8.53 8.63
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